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(54) Catalyst for purifying exhaust gas 



(57) A catalyst for purifying an exhaust gas in cludes 
a support and a noble'metai loadea on the support. The 
support includes a mixture containing a porous oxide 
and a composite oxide. The composite oxide is ex- / 
pressed by the following formula: (Al20 3 ) a (Ce0 2 ) b J 
(Zr0 2 ) 1 . b (Y 2 03) c (La 2 03) d in which the values "a", "b", 
"c* and "d" are molar ratios and the value "a" falls in a 
range of from 0.4 to 2.5, the value D b" falls in a range of 



from 0.2 to 0.7, the value °c" falls in a range of from 0 to 
0.2 and the value °d" falls in a range of from 0 to 0.1. 
The^support includes a particle having a particle diam- 
eter of 5 |im or more in an amount of 30% by volume or 
more. With the thus arranged support, even when the 
catalyst is subjected to such a severe durability test that 
it is heated at 1;,000 °C for 10 hours, it exhibits a high 
purifying activity, and its coating layer is inhibited from 
cracking or coming off. 



FIG. 1 
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De crlpti n 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a catalyst for purifying an exhaust gas which is used in exhaust systems of 
automobiles. More particularly, it relates to an improvement on heat resistance of an exhaust-gas-purifying catalyst 
which includes a ceria-zirconia composite oxide. 

10 

Description of the Related Art 

[0002] As an exhaust-gas-purifying catalyst which is used in exhaust systems of automobiles, a 3-way catalyst is 
used widely which purifies HC, CO and NO^ simultaneously. This 3-way catalyst is arranged so that a porous, oxide, 
is such as alumina (AI2O3) and silica (Si0 2 ), makes a support and a noble metal, such as platinum (Pt) andxhodium (Rh), 
is loaded on the support: The HC and CO adsorbed on the catalyst is purified.by oxidizing, and the NO* is purified by 
reducing. 

[0003] This 3-way catalyst is designed so that it exhibits the highest conversions when it contacts with an exhaust 
gas whose air-fuel ratio of the air-fuel mixture is an ideal air-fuel ratio, i.e., a stoichiometric atmosphere. However, 

20 depending on the driving conditions of automobiles, the actual air-fuel ratio, fluctuates on a rich side or a lean side 
about the stoichiometric atmosphere. Accordingly, the exhaust-gas atmosphere fluctuates as well. Consequently, high 
purifying performance cannot necessarily be secured by the 3-way catalyst of the aforementioned arrangement alone. 
[0004] Hence, a 3-way catalyst has been known in which ceria (Ce0 2 ) is included in the support. Since the ceria 
has an oxygen storage-and-re lease ability, oxygen is stored in the ceria in oxygen rich atmospheres, and is released 

25 in oxygen lean atmospheres. Therefore, the fluctuation of the exhaust-gas atmospheres can be relieved by including 
the ceria, and the purifying performance is upgraded. Further, it is preferable to include a^ria-zirconia composite 
oxide, in which ceria is composited with zirconia (ZrOg), in a support. By compositing withTfie zircomaTthe thermal 
stability of the ceria is enhanced remarkably. 

[0005] For example, Japanese Unexamined Patent Publication (KOKAI) No. 10-182,155 discloses an exhaust-gas^ 
30 purifying cat alyst in which a noble metal is loaded on a composite oxide which includes at least two members selected 
from the group consisting of .cerium, zir conium and aluminum. __ 

[0006] By the way, the recent increment of high-speed driving, etc., resulted in considerably high temperatures of 
exhaust gases of automobiles. Accordingly, it is necessary to carry out the durability test on exhaust-gas-purifying 
catalysts under severer conditions. 

35 [0007] In the aforementioned conventional exhaust-gas-purifying catalyst, no problem arises when the .catalyst is 
subjected to a durability test in which it is heated at 1 ,000 °C for a few hours, for instance. However, when it is subjected 
to a severe du rability in which it is heated at 1 ,000 0 C for 20 hours, the following have been fou nd out. Namely, depending 
on the composition of the support, the phase separation occurs in the solid solution of ceria and zirconia. 
[0008] Further, general exhaust-gas-purifying catalysts employ a honeycomb-shaped substrat e, which is formed of 

40 cordierite or a metallic foil and exhibits good heat resistance, and are used by Tonming a coaxing- layer, which is formed 
on the substrate and includes a loaded particle loaded with a noble metal. However, when a catalyst, which is provided 
with a conventional coating layer including a composite oxide support disclosed in Japanese Unexamined Patent Pub- 
lication No. 10-182,155, is subjected to a severe durability test, the following have been found out. Namely, there arises 
a drawback in that the coating layer is cracked by the thermal contraction of the support, or in that the coating layer 

4S comes off. 

[0009] It is therefore an object of the present invention to further improve the heat resistance of an exhaust-gas- 
purifying catalyst, in which a noble metal is loaded on a support including a ceria-zirconia solid solution, to make th 
catalyst exhibit high purifying activity even after a severe durability test, and to inhibit its coating layer from cracking 
and coming off. 

so 

SUMMARY OF THE INVENTION 

[0010] In^^^^spect of the present invention, a catalyst for purifying an exhaust gas comprises: 

ss a support including a mixture containing a porous oxide and a composite oxidej_a nd 

a noble metal loaded on the support; 

the composite oxide expressed by a general formula (1); 
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(AI 2 0 3 ) a (Ce0 2 ) b (2rO 2 ) 1 . b (Y 2 0 3 ) c (1) 

in which "a", "b", and °c' are molar ratios falling in the range of 0.4 ^ "a" ^ 2.5, 0.2 ^ B b° ^ 0.7, and 0.01 ^ "c" 
^ 0.2, respectively; and 

the support including a particle having a particle diamet er q[5 ujnj£>r more in an a mount of 30% by volume or more. 
[0011] In ^.secon^^spect of the present invention, a catalyst for purifying an exhaust gas comprises: 



10 a support including a mixture containing a porous oxide and a Composite oxide^ nd 

a noble metal loaded on t he support; - ' * 
' the composite oxide expressed by a general formula (2); 

15 (AI 2 0 3 ) a (Ce0 2 ) b (ZrO 2 ) 1 . b (La 2 O 3 ) d (2) 

in which °a", "b", and °d" are molar ratios falling in the range of 0.4 S "a" ^ 2.5, 0.2 m "b" ^ 0.7 and 0.005 ^ °d" 
^0.1, respectively; and 

the support including a particle having a particle diameter of 5 ujn or more in an amount of 30% by volume or more, 

[0012] In a^t^^aspect of the present invention, a catalyst for purifying an exhaust gas comprises: 

a support including a mixture containing a porous oxide and a composite oxide; and 
a noble metal loaded on the support; 
2S the composite oxide expressed by a general formula (3); 

m (AI 2 0 3 ) a (Ce0 2 ) b (Zr0 2 ) 1 . b (Y 2 0 3 ) c (La 2 0 3 ) d (3) 



in which the values "a", "b", "c" and "d" are molar ratios falling in the 0.4 "a' ^ 2.5, 0.2 =i "b" =i 0.7, 0.01 < V 
^ 0.2, and 0.005 ^ "d" ^ 0.1 , respectively; and 

the support including a particle having a particle diameter of 5 ujti or more in an amount of 30% by volume or more. 

In a /ourti^ aspect of the present invention, the CeCfe and theZr0 2 , contained in th e composite oxide, f orm a 
^solid solutiorT £gri^ a solubility of the Zr0 2 is 50% or more in the composite oxide. 

[0014] fnlafiftlV aspect of the present invention, a mean crystal grain diameter of the ceria-zirconia solid solution, 
contained in\b^<r6mposite oxide, is 10 nm or less by an X-ray diffraction measurement before and after heating the 
support at 1 ,0O0^C for 5 hours or more. 

[0015] In ay&xth/aspect of the present invention, a weight ratio of the porous oxide and the composite oxide in the 
support satis^fe^me^ondition 0.25 ^ the composite oxide/(the porous oxide + the composite oxide) 0.7. 
[001 6] In a^eventtKaspect of the present invention, _Pd is loaded on- the composite oxide; a nd.at least one of£Land 
Btus Ic^dech&Ptfre support. 

[0017] According to the present invention, thft roatinp layer n f the present exhaust-gas -purifying catalyst frardly 
cracks and comes off after a severe durability test. In the coating layer, the ceriaTZirconia composite oxide exhibits a . 
high specific surface area, and is kept to be highly dispersed. Thus, the present exhaust-gas-purifying catalyst is good 
in terms of the durability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 8] A more complete appreciation of the present invention and many of its advantages will be readily obtained 
as the same becomes better understood by reference to the following detailed description when considered in con- 
nection with the accompanying drawings and detailed specification, all of which forms a part of the disclosure: 

Fig. 1 is a microscope photograph f or illustrating a cross section of a catalyst, in which a mixture whose particles 
- bad a mean particle diameter of 2 [am was_used; after a durability test; . 

Fig. 2Js-e-mic xoscQpe photogra pjrfor illustrating a cross section of a catalyst, in which a mixture whose particles 
had afmean particle diameter of 5 ujri^as used, after a durability test and air was subsequently blown tothe catalyst; 
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Fig. 3 is a microscope photograph for illustrating a cross section of a catalyst, in which a mixture whose particles 
had a mean particle diameter of 7.7 urn was used, after a durability test and air was subsequently blown to the 
catalyst; and 

Fig. 4 is a microscope photograph for illustrating a cross section of a catalyst, in which a mixture whose particles 
s had a mean particle diameter of 8.8 |im was used, after a durability test and air was subsequently blown to the 

catalyst. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 [0019] Having generally described the present invention, a further understanding can be obtained by reference to 
the s pecific preferred embodiments w hich are provided herein for the purpose of illustration only and not intended to 
limit the scope of the appended claims. 

[0020] In the present invention, a support is used which comprises a mixture including a jjorous oxide particle and 
a composite oxide, particle expressed by the formulae (1)-(3), and the mixture includes aparticle having a particle, 

is diameter of 5 jim or more in an amount of 30% by volume or more, preferably 40% by volume or more, and furthermore 
preferably 50% by volume or more. When the mixture includes the particle having a particle diameter of 5 ujti or more 
in an amount of 30% by volume or more, preferably 40% by volume or more, and furthermore preferably 50% by volume 
or more, the problems, such as the cracking in the coating layer and the coming-off thereof, are inhibited from happening 
even after the catalyst is subjected to a severe durability test in which it is heated a t 1,000 °C for 20 hours . In the 

20 mixture, when the particle having a particle diameter of 5 ujti or more is included in an amount of less than '30% by 
volume, it is believed that the thermal contraction enlarges in the durability test, and that, as set forth in the following 
examples, the coating layer is cracked or come off. Note that the "particle diameter' 1 means the average particle diameter ^1 
of the mixtures including porous oxides and composite oxides. 

[0021] Further, in the composition of the composite oxide, when the value "a'ofthe formulae (1)*(3) is. less than 0.4, 
25 it is difficult to highly disperse th e ceria-zitcbnia_conn p^itft nvirjA AftAr the severe durability test, the specific surface 

area of the resulting ceria-zirconia composite oxide decreases, and thereby the purifying performance degrades. When 

the value "a" exceeds 2.5, the ceria-zirconia composite oxide decreases quantitatively so that a sufficient oxygen 

storing capability cannot be secured, and thereby favorable purifying performance cannot be obtained. 

[0022] When the value "b° of the formulae (i )-(3) is less than 02, the amount of the cerium is so less that a sufficient 
30 oxygen storing capability cannot be secured, and thereby favorable purifying performance cannot be obtained. When 

the value "b" exceeds 0.7, the thermal stability of the resulting ceria-zirconia composite oxide decreases, and thereby 

purifying performance degrades after the severe durability test. 

[0023] As set forth in the formulae (1) and (3), by further adding Y 2 0 3 to the composite oxide, the. durability of the 
c ria-zirconia compos it epoxide is further improved in oxidation atmospheres of 1 ,000 °C or more. The phase separation 
35 of the ceria-zirconia composite oxide is less likely to occur, and the activity of the noble metal is facilitated. When the : .- 
value "c B of the formulae (1) and (3) is less than 0.01, the advantages resulting from the Y 2 0 3 addition cannot be 
obtained. When the value "c" exceeds 0.2, the heat resistance of the ceria-zirconia composite oxide decreases, and 
the activity of the noble metal degrades. 

[0024] Furthermore, as set forth in the formulae (2) and (3), by further adding^LagO^to the composite. oxide, the 
40 durability of the ceria-zirconia composite oxid^Js-fortfieT'im^roved in oxidation atmospheres of 1 ,000 °C or more. The 
specific surface area of the ^QHa-7 |rcQnia i G<< rnpnRitP ^xhft (jR maintain*^ highly even, after the severe durability test.. 
When the valuejg! of the formulae (2) af>d4a)Js-4e^s'than 0.005, the advantages resulting from the 1^03 addition . 
cannot be obtained. When the value "d B exceeds 0.1, -the heat resistance of the ceria-zirconia composite oxide de- . 
creases. In the formulae (1 )-(3), afleast one of Y 2 d 3 and La 2 0 3 can preferably be solved in the ceriarzirconia composite . 
45 oxide and alumina. - , »- 

[0025] Moreover, the composite oxides set forth in the formulae (1H3) can preferably fur ther include- at « least one 
additive element sej jHaejgjrpm Tne group consisting of alkali metals, alkaline-earth metals, rare-earth elements and 
transition metal elements in a trace amount. By including such an additive. element, the heat resistance of the ceria- 
zirconia composite oxide is furthermore improved. The addition amount of the additive element can preferably be 0.05 
so or less by molar ratio of the oxide with respect to the formulae (1)-(3). For example, when the additive element "M* is 
added, the formula (1 ) can be expressed by a formula, 

(AI 2 03) a (Ce0 2 ) b (ZrO 2 ) 1 . b (Y 2 0 3 ) c (M0) e , 

55 

and the value of the molar ratio °e" falls in the range of from 0 to 0.05. 

[0026] As for the alkali metals, Na, K, Li and Cs are preferred. As for the alkaline-earth metals, Mg, Ca, Sr and Ba 
are preferred. The rare-earth elements can be at least one member selected from the group consisting of La, Pr, Nd, 
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Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. As for the transition metal elements, Fe, Cu, Ni, Co and Mn can be 
exemplified. One of these elements can be used, or two or more of them can be used simultaneously. When two or 
more of them are used, the additive elements can be added in a summed amount of 0.05 or less by molar ratio. 
[0027] In the aforementioned composite oxide, at least Ce0 2 and Zr0 2 can preferably form a solid solution, and a 
s solubility of Zr0 2 can preferably be 50% or more, further preferably 70% or more, and furthermore preferably 80% or 
more in the solid solution. With this arrangement, the durability of the ceria-zirconia composite oxide is further improved 
in oxidation atmospheres of 1,000 °C or more. The phase separation of the ceria-zirconia composite oxide is further 
less likely to occur. The solubility is defined by the following equation: 

10 Solubility (%) = 100 x (Amount of Oxide °B n Solved in Total Amount of Oxide "A^Total Amount of Oxide 'B") 

[0028] In this formula, it is supposed that the oxide "B" is uniformly solved into the total amount of the oxide "A". 
[0029] For example, as for a solid solution of oxides comprising ceria and zirconia, ceria corresponds to the oxide 
is P A", and zirconia corresponds to the oxide D B°. The solubility is represented by the following formula (4): 



Solubility (%) = 100 x (Amount of Zirconia solved in Total Amount of ceria)/(Total Amount of Zirconia) (4). 

io [0030] As for the solid solution of oxides comprising ceria and zirconia (Solubility being 100%), the relationship 
between a concentration of zirconia D x n (mol%) and a lattice constant "a" (Angstrom) is represented by the following 
formula (5): 



25 



x = (5.41 1 - "a") / 0.00253 (5) 



[0031] (Values Cited from JCPDS (Joint Committee on Powder Diffraction Standards)) card. 
[0032] In th e^omposjte oxide particle,o f the present invention, the average diameter of crystallite in the particle is 
not more than 10 nm.^uch size of the crystallite is calculated by the formula of Sherrer based on a full width at half 
30 maximum oi^an y^fa^aiffraction peak as follows: 

= kX/(p cos 6) 





35 [0033] wherein k : a constant 0.9, X : an X-ray Wave length (A), p : a diffraction ray width of a sample - a cliff i 
ray width of a standard sample (radian), and 9 vi/diffraction angle {degroB^. 

[0034] When the av°mg^ifjafltpr ^ f thflrry^ jiite is not more thanilO nnrvt he crystallite is not dense filing, and 
the particle has pores between crystallites. W hen the average diameter of the crystallite is more than 10 nm, a pore 
volume and a specific surface area are decreased, and the heat resistance is deteriorated. It is preferable that the 
4o specific surface area is not less than 10 m 2 /g, more preferably, not less than 20 m 2 /g, most preferably, not less than 
50 m 2 /g. 

[0035] In the particle-of the present invention, as for the solid solution, comprising ceriavand zirconia, zirconium is 
substituted for a part of ciBrium white maintaining a fluorite structure of a cerium (IV) oxide tq.form a solid solution. In 
the solid solution, zirconium is fully solved/and a skeleton of zirconium is formed. As a result. a cubic structure of a 

45 crystallite is 1 stable, and the cubic structure can be maintained even if a large amount of oxygen is discharged. Although 
such a mechanism is not clearly known, it is supposed that oxygen moves easily in the cubic structure so that it shows 
excellent oxygen storage ability as compared with a tetragonal structure or a monoclinic structure. 
[0036] Since the average diameter of crystallite is not more than 10 nm, a grain boundary between crystallites en- 
larges, and an oxygen ion moves easily in the grain boundary. So, the oxygen adsorption and discharge rate is very 

so high, and the oxygen storage ability is further improved. Since an oxygen adsorption and discharge is performed on 
the surface, when the specific surface area is large, namely, not less than 10 m 2 /g, the oxygen adsorption and discharge 
rate is very high, and the oxygen storage capability is excellent. 

[0037] As for the solid solution comprising ceria and zirconia, it is preferable that the ratio of the number of cerium 
atoms to the numbeTbf zirconium atoms in the particle is 0.3 ^ Zr/(Ce + Zr)^ 0.8, more preferably, 0.4 ^Zr/(Ce + Zr) 
55 ^ 0.6. When the content of zirconia is not more than 30 mol%, an action for forming a skeleton of zirconium in the 
crystallite of the solid solution is weakened. So, it is difficult to maintain a cubic fluorite structure if oxygen were released 
to some degree. As a result, oxygen cannot be relea sed, and the oxygen storage capability is degraded. Furthermore, 
the oxygen storage ability~depends on a change in number of valent of cerium (III) and cerium (IV). So, when the 
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content of zirconium is not less than 80 mol%, an absolute amount of cerium is insufficient, and the oxygen storage 
capability is degraded. 

[0038] A weight ratio of the porous oxide and the composite oxide can preferably be 0.25 ^ composite oxide/(com- 
posite oxide + porous oxide) ^ 0.7, and can be especially preferred to fall in a range of from 0.4 or more to 0.6 or less. 

5 When the value of {composite oxide/(composite oxide + porous oxide)} is less than 0.25, the ceria-zirconia composite 
oxide decreases quantitatively so that a sufficient oxygen storage-and-release ability cannot be secured, and thereby 
favorable purifying performance cannot be obtained. When the value of {composite oxide/(composite oxide + porous 
oxide)} exceeds 0.7, the loadability of the noble metal decreases and the noble metal is mainly loaded on the porous 
oxide. As a result, the co-catalytic actions, which are represented by the oxygen storage-and-release ability of the 

io ceria-zirconia composite oxide, do not work effectively. 

[0039] With the thus arranged support, after the support is burned at 1 ,000 6 C for 5 hours, the mean crystal grain 
diameter in the composite oxide is 1 0 nm or less by an X-ray diffraction measurement. Even after the severe durability 
test, the specific surface area of the ceria-zirconia composite oxide can be maintained highly, and thereby the present 
catalyst can maintain the high purifying performance. 

is [0040] As for the porous oxide constituting a part of the support, it is possible to use the porous oxides, such as 
alumina, zeo\\Xe^m6r^^j^, FSM, alumina-zircon ia composite oxide, silica, zirconia, titania and silica-alumina, which 
are used as thesDpportspf the conventional exhaust-gas-purifying catalysts. The particle diameter of this porous oxide 
is not limited particularly. However, the porous oxide can be optimum which exhibits a specific surface area falling in 
a range of from 5 to 300 m 2 /g. When the specific surface area falls outside this range, the loading ratio of the noble 

20 metal might deviate, and the activity might degrade. In addition, it might be further impossible to highly disperse the 
composite oxide particle. 

[0041] As for the noble metal, it is possible to use the noble metals, such as Pt, Rh, Pd and Ir, which are used in the 
conventional exhaust-gas-purrfying catalysts. The loading amount of the noble metal depends on the specific noble 
metals, however, it is preferable to load the noble metal in an amount of from 0.1 to 20% by weight with respect to the 

25 support. When the loading amount is less than the lower limit, no sufficient purifying activity can be obtained. When 
the loading amount is more than the upper limit, the purifying activity saturates,. and the cost goes up. 
[0042] In order to manufacture the composite oxide according to the. present invention, it is possible to utilize a 
manufacturing process which is disclosed in Japanese Unexamined Patent Publication No. 10-182,155, for example. 
Namely, an oxide precursor is prepared from at least one of salt solutions of Al, Ce and Zr by a coprecipitation process 

30 jn a short period of time, and it is burned in air. Thus, the composite oxide can be produced. In addition, Al, Ce and Zr 
can be supplied as an alkoxide to produce the oxide precursor by a sol-gel process. 

[0043] When producing the present, exhaust-gas-purifying catalyst, the particle of the aforementioned composite 
oxide and the particle of the porous oxide are mixed to make a mixture. Then, the mixture is mixed with a binder, such 
as an alumina sol, boehmite and aluminum nitrate, and water to make a slurry. By using the slurry, a coating layer is . 

35 formed by wash-coating a honeycomb-shaped support substrate, which is formed of a metal foil or cordierite, and is 
dried and burned. Thereafter, by using a solution of a noble metal salt or a noble metal complex, a noble metal is 
loaded by adsorption. Thus, the present exhaust-gas-purifying catalyst can be produced. As for the binder, a silica sol, 
a zirconia sol or a titania sol can be used, or a salt solution of these metallic elements can be used. 
[0044] Alternatively, a solution of a noble metal salt can be impregnated into the mixture of the composite oxide 

40. particle and the porous oxide particle, and the resulting mixture can be filtered and dried, or can be evaporated and 
dried, to make a particle with a noble metal loaded. The particle with a noble rr)etgl loaded can be coated on a support, 
substrate. Alternatively, in the preparation of an oxide precursor of the composite oxide, a noble metal salt can be 
. coexisted with the^solution .of the oxj.de precursor to load a noble metal on ttje. composite oxide, ancUhe resulting 
product can be mixed^ with the porous oxide particle to make a particle : with a.noble metal loaded. 
. 45 [0045] • Hereinafter, "the present invention will be described specifically with reference to examples and comparative ' 
examples. 

Example No. 1 

so [0046] A high concentration aqueous solution was prepared in which aluminum nitrate, cerium nitrate, zirconium 
oxynitrate and lanthanum nitrate,were solved by ratios of n a°=0.5, °b"=0.5 and "d a =0.007 in the formula (2). Into the 
solution, an aqueous hydrogen peroxide solution was added and stirred to mix. The aqueous hydrogen peroxide so- 
lution included hydrogen peroxide in an amount equivalent to 1.2 times of cerium. Thereafter, ammonia water was 
added in a short period of time to neutralize the resulting mixture. Thus, a suspension was prepared which contained 

55 precipitates of cerium hydroxide, zirconium hydroxide, lanthanum hydroxide and aluminum hydroxide. The suspension 
was filtered and washed. Thereafter, the resulting precipitates were calcined at 300 °C for 5 hours, and were further 
burned at 700 °C for 5 hour. The resulting particle was charged into a ball mill together with water, and was pulverized 
so that 50% by volume or more of its particles had a particle diameter of 15 jim, thereby preparing a composite oxide 
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particle. Note that the pulverized particle was burned at 700 °C herein, but can be burned at a temperature around 
600 to 1 ,100 °C at which an oxide is formed. 

[0047] Then, with respect to 1 00 parts by weight of the aforementioned composite oxide particle, 1 00 parts by weight 
of a commercially available heat-resistant activated alumina particle (specific surface area: 180 m2/g), 20 parts by 
s weight of aluminum nitrate nona-hydrate, 5 parts by weight of boehmite (AIO(OH)), and water were added. The water 
was added in such an amount that the solid content was 50% by weight after the burning. The mixture was mixed by 
an attrition mill for about 3 minutes, thereby preparing a slurry. 

[0048] A honeycomb-shaped support substrate, which was made from cordierite and had a volume of 1.3 L, was 
prepared, and was immersed into the slurry. Thereafter, the support substrate was taken out of the slurry, and was 
10 blown to remove the excessive slurry. After drying, the support substrate was burned at 650 °C for 1 hour, thereby 
preparing a coating layer Note that the coating layer was formed in an amount of 200 g with respect to 1 L of the 
support substrate. 

[0049] The support substrate having the coating layer was immersed into a platinum nitrate aqueous solution having 
a predetermined concentration, was blown to remove the excessive water droplets, and was dried. Thereafter, the 
is support substrate was burned at 250 °C for 1 hour to load Pt. Subsequently, the support substrate was immersed into 
a rhodium nitrate aqueous solution having a predetermined concentration, and was loaded with Rh in the same manner. 
The loading amounts were 1 .5 g for Pt and 0.3 g for Rh with respect to 1 L of the support substrate. 
[0050] The resulting exhaust-gas-purifying catalyst of Example No. 1 was mounted on an exhaust pipe of a gasoline 
■ : ■;, engine having a displacement of 2 L. Then, it was subjected to a facilitated durability driving test, in which the gasoline 
^20 rigine was run in a driving pattern simulating the European driving, for 100 hour. The maximum catalyst-bed temper- 
ature was about 1 ,000 °C during the test. 

[0051] Thereafter, an exhaust gas was flowed through the exhaust^as-purifying catalyst of Example No. 1. The 
exhaust gas simulates an exhaust gas, which is emitted during the simulated European driving. The exhaust gas was 
examined for the contents of HC, CO and NO x at the upstream side of the catalyst and the downstream side thereof ; 
25 simultaneously, and the average conversion of HC, CO and NO x was calculated. The result is set forth in Table 1 . 

Example No. 2 

[0052] Except that the activated alumina particle working as the porous oxide was replaced by the same amount of 
30 a zirconia particle having a specific surface area of 50 rr^/g, and that the aluminum nitrate and boehmite were replaced 
by 100 parts by weight of a zirconia sol {Zx0 2 content: 10% by weight), an exhaust-gas-purifying catalyst of Example 
No. 2 was prepared in the same manner as Example No. 1 . The average conversion was measured in the same manner 
as Example No. 1 . The result is set forth in Table 1 . 

35 Example No. 3 

[0053] Except that a high-concentration aqueous solution was used in which aluminum nitrate, cerium nitrate and 
zirconium oxynitrate were solved by ratios of B a°=0.5 and B b°=0.33 in the formula (2), an exhaust-gas-purifying catalyst 
of Example No. 3 was prepared in the same manner as Example No. 1 : The average conversion was measured in the 
%; -4o same manner as Example No. 1. The result issetforth in Table 1. - ; : i? : 

Example No. 4 ' ' 

[0054] Except thafa high-concentration aqueous solution was used in. which alurranum nitrate/cerium nitrate, zirco- 
ns - nium oxynitrate and yttrium nitrate were solved by ratios of n a"=0.5, °b°^0.6 and "c"=0.05 in the ; formula (1 ), an exhau.st- , 
* gas-purifying catalyst of Example No. 4 was prepared in the same manner as Example No. 1 . The average conversion 
was measured in the same manner as Example No. 1 . The result is set forth in Table 1. 

Example No. 5 

so 

[0055] Except that a high -concent rat ion aqueous solution was used in which aluminum nitrate, cerium nitrate, zirco- 
nium nitrate, yttrium nitrate and lanthanum nitrate were solved by ratios of °a"=0.5, B b n =0.5, 'c p =0.05 and "d"=0.015 in 
the formula (3), an exhaust-gas-purifying catalyst of Example No. 5 was prepared in the same manner as Example 
No. 1 . The average conversion was measured in the same manner as Example No. 1 . The result is set forth in Table 1 . 

55 

Example No. 6 

[0056] A composite oxide particle was prepared in the same manner as Example No. 1 . Into the composite oxide 
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particle, a palladium nitrate aqueous solution having a predetermined concentration was impregnated in a predeter- 
mined amount. The composite oxide particle was filtered, dried and burned at 250 °C to load Pd. With respect to 100 
parts by weight of the resulting composite oxide particle with Pd loaded, 100 parts by weight of an activated alumina 
particle, working as the porous oxide particle and being the same as that of Example No. 1, 20 parts by weight of 
5 aluminum nitrate nona-hydrate, and 5 parts by weight of boehmite were added, and were mixed by an attrition mill for 
about 3 minutes, thereby preparing a slurry. 

[0057] By using the resulting slurry, a coating layer was formed on a support substrate in the same manner as 
Example No. 1. Subsequently, the support substrate was immersed into a rhodium nitrate aqueous solution having a 
predetermined concentration, and was taken up therefrom. Then, the support substrate was blown to remove the 
10 excessive water droplets, and was dried. Finally, the support substrate was loaded with Rh. Thus, an exhaust-gas- 
purifying catalyst of Example No. 6 was prepared. The loading amounts were 1 .5 g for Pd and 0.3 g for Rh with respect 
to 1 L of the support substrate. The average conversion was measured in the same manner as Example No. 1. The 
result is set forth in Table 1. 

15 Example No. 7 

[0058] A high-concentration aqueous solution was prepared in which aluminum nitrate, cerium nitrate, zirconium 
nitrate and lanthanum nitrate were solved by ratios of B a B =0.5, "b°=0.5 and "d"=0.015 in the formula (2). Except that 
precipitates were coprecipitated by using the high-concentration aqueous solution, and that mordenite was mixed, an 
20 exhaust-gas-purifying catalyst of Example No. 7 was prepared in the same manner as. Example No. 6. The loading 
amounts were 1 .5 g for Pd and 0.3 g for Rh with respect to 1 L of the support substrate. The average conversion was 
measured in the same manner as Example No. 1 . The result is set forth in Table 1 . 

Example No. 8 . .. 

25 ■■: ■; . " . . 

[0059] A high-concentration aqueous solution was prepared in which aluminum nitrate, cerium nitrate, zirconium 
nitrate and lanthanum nitrate were solved by ratios of °a B =0.5, n b"=0.5 and "d"=Q.015 in the formula (2), and in which 
palladium nitrate was further solved. Except that precipitates were coprecipitated by using the high-concentration aque- 
ous solution, a composite oxide particle loaded with Pd was prepared in the same manner as Example No. 1 . 
30 [0060] With respect to 1 00 parts by weight of the composite oxide particle loaded with Pd, 1 00 parts by weight of an 
activated alumina particle, working as the porous oxide particle and being the same as that of Example No. 1 , 20 parts 
by weight of aluminum nitrate nona-hydrate, and 5 parts by weight of boehmite were added, and were mixed by an 
attrition mill for about 3 minutes, thereby preparing a slurry. 

[0061] By using the resulting slurry, a coating layer was formed on a: support substrate in the same manner as 
3S Example No. 1 . Subsequently, the support substrate was loaded with Pt and Rh. Thus, an exhaust-gasrpurifying catalyst 
of Example No. 8 was prepared. The loading amounts were 1 .5 g for Pd, 1 .5 g for Pt and 0.3 g for Rh with respect to 
1 L of the support substrate. The average conversion was measured in the same manner as Example No. 1 . The result 
is set forth in Table 1 . 

40 Example No. 9 - - ; - ?; ■ - - : ~ 

[0062] A high-concentration aqueous solution was prepared in which aluminum nitrate, cerium nitrate, zirconium 
nitrate and lanthanum nitratewere solved by ratios of "a 0 =0.5, a b°=0.5 and - d°=0.015 ir? the formula (2), and in which- 

. * palladium nitrate was further sblved. Except that precipitates were coprecipitated by.using the higrr-concentration aque-\ 

45 ous solution, . a .composite oxide particle loaded with Pd was prepared in .*he same manner as Example No; 6;. ; 
[0063] With respect to 100 parts by weight of the composite oxide particle loaded with Pd, 50 parts by. weight of an 
activated alumina particle, being the same as that of Example No. 1 , 50 parts by weight of an alumina-zirconia composite : 
oxide particle, working as the porous oxide particle and having a specific surface area of 70 trP/g, 20 parts by weight 
of aluminum nitrate nona-hydrate, and 5 parts by weight of boehmite were added, and were mixed by an attrition mill 

so for about 3 minutes, thereby preparing a slurry. 

[0064] By using the resulting slurry, a coating layer was formed on a support substrate in the same manner as 
Example No. 1 . Subsequently, the support substrate was loaded with Pt and Rh. Thus, an exhaust-gas-purifying catalyst 
of Example No. 9 was prepared. The loading amounts were 1 .5 g for Pd, 1 .5 g for Pt and 0.3 g for Rh with respect to 
1 L of the support substrate. The average conversion was measured in the same manner as Example No. 1 . The result 

55 is set forth in Table 1. 
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Comparative Example Nos. 1 through 5 

[0065] Except that a high-concentration aqueous solution was used in which aluminum nitrate, cerium nitrate and 
zirconium nitrate were solved by ratios of "a B =2.6, "b^O.5 and n d D =0 in the formula (2), an exhaust-gas-purifying catalyst 
of Comparative Example No. 1 was prepared in the same manner as Example No. 1 . The average conversion was 
measured in the same manner as Example No. 1 . The result is set forth in Table 1 . 

[0066] In Table 1, exhaust-gas-purifying catalysts of Comparative Example Nos. 2 through 5 are listed which were 
prepared in the same manner as those of Example Nos. 1 through 3 except that the values "a B through "d" fell outside 
the claimed ranges of the present invention. 
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Example Nos. 10 through 27 and Comparative Example Nos. 6 through 11 

[0067] Except that the compositions differed from that of Example No. 1 , the following 24 particles set forth in Table 
2 below were prepared in the same manner as Example No. 1 . The resulting particles were heated under the conditions 

5 recited in Table 2, e.g., in the range of from 950 to 1,100 °C. Table 2 summarizes the solubility of Zr0 2 in the solid 
solution of the ceria-zirconia in each of the samples, the mean crystallite particle diameter of the ceria-zirconia solid 
solution contained in each of the samples, and the specific surface area of the alumina-ceria-zirconia composite oxide. 
Note that Example No. 23 was synthesized by two processes, e.g., the process of Example No. 1 and an ordinary sol- 
gel process and was examined for the characteristics. Regardless of the synthesis processes, Example No. 23 exhibited 

10 the substantially same results as those of the other Examples. 

[0068] The catalysts or particles of Example Nos. 10 through 27 whose compositions were fell in the claimed ranges 
of the present invention make it simultaneously possible to enlarge the solubility of Zr0 2 , to enlarge the specific surface 
ar a, and to reduce the mean crystallite particle diameter. 

[0069] With regard to the catalysts or particles of Comparative Example Nos. 6 through 1 1 , the solubility of ZrO s was 
is insufficient after being heated at the high temperatures as shown in Comparative Example No. 6. The mean crystallite 
particle diameter of the ceria-zirconia solid solution was enlarged, and the specific surface area was decreased as 
shown in Comparative Example Nos. 7 through 10. In particular, in case of Comparative Example No. 11 whose alumina 
content was large, since the ceria content was reduced relatively in the catalyst, the oxygen storage capability was 
exhibited less. As a result, high catalytic performance could not be obtained in the fluctuating oxidation-reduction 
20 atmospheres. - 

[0070] In Table 2, some of the values exceed 100 in the solubility. This results from the fact that the solubility was 
obtained simply by the aforementioned equation (5) based on the 311 diffraction peak of the ceria-zirconia solid solution 
(cubic crystalline structure). Namely, since Y and_La solve in both of the alumina solid solution and the ceria-zirconia^ 
js oHd solutio ryth e lattice constant of the ceria-zirconia solid solution js varied by the difference of the ion radii of Y and 
25 La accordingly however, since tnennfluence was 10% or less, the solubilities were calculated while neglecting the 
influence for simplicity. 
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< Evaluation > 

[0071] It is apparent from Table 1 that the exhaust-gas-purifying catalysts of the Examples exhibited remarkably high 
average conversions of from 95 to 99% even after the severe durability test, which was carried out at 1 ,000 °C for 1 00 
5 hours, and were extremely superior to the catalysts of Comparative Example Nos. 1 through 5 in terms of the durability. 
[0072] According to the results of the X-ray diffraction, the cerium and zirconium formed solid solutions, which were 
substantially homogeneous, in the catalysts of the Examples. The primary particle diameters were about 7 nm. The 
solubilities of Zr0 2 were 85% or more. 

[0073] The cross sections of the coating layers were grounded, and were observed with an electron microscope. As 
w a result, the following were confirmed: the solid solutions of the cerium and zirconium were distributed in the alumina 
in a highly dispersed manner; and the composite oxide particles were dispersed so that they were.surrounded by the 
alumina particle or the alumina-zirconia particle. 

[0074] The coating layers were scraped off, and the specific surface areas of the resulting particles were measured. 
As a result, they exhibited remarkably high specific surface areas. For instance, the catalyst of Example No. 2 exhibited 
is a specific surface area of about 1 8 rr^/g, and the other Example No. 1 and Example Nos. 3 through 9 exhibited specific 
surface areas of 70 m 2 /g or more. The oxygen storage-and-release abilities of the particles were measured. As a result, 
the following were confirmed: they exhibited such high values that the oxygen storage-and-release abilities were 0.09 
mol per 1 mol of cerium at 300 °C. 

[0075] According to the above-described results, the exhaust -gas-purifying catalysts of the Examples could maintain 
" : £0 the high purifying performance even after the durability test because of the following operations: the ceria-zirconia solid 
solutions were highly dispersed, and the specific surface areas were large. Accordingly, the catalysts exhibited the 
high oxygen storage-and-release abilities. It is believed that the advantages resulted from the arrangement that th 
values of the molar ratios "a" through "d" of the composite oxide fell in the claimed ranges of the present invention. 



25 influence of Particle Diameter> 



[0076] Then, the influence of the particle diameter of the mixture was surveyed. 

[0077] Except that the time for pulverizing and mixing by the attrition mill was changed, 4 mixtures whose mean 
particle diameters of the particles were 2 \xm t 5 ujti, 7.7 ujn and 8.8 jxm were prepared in the same manner as Example 
30 No. 1 . By using each of the mixtures, 4 exhaust -gas-purifying catalysts were prepared in the same manner as Exampl 
No. 1. 

[0078] These exhaust-gas-purifying catalysts were mounted on the exhaust pipe in the same manner as Exampl 
No. 1 , and were subjected to the facilitated durability driving test for 1 0 hours similarly. Thereafter, the cross sections 
of the catalysts were observed with an electron microscope: As a result, in the catalyst, which used the mixture whose 
35 particles had a mean particle diameter of 2 pin, large cracks were observed in the coating layer as shown in Fig. 1 . 
The coating layer came off in places. 

[0079] Then, air was blown to the end surfaces of the catalysts at a pressure of 0.1 MPa. The cross sections of the 
catalysts were observed with an electron microscope. As a result, in the catalyst, which used the mixture whose particles 
had a mean particle diameter of 5 nm, cracks were observed partially as shown in Fig. 2. The coating layer came off 
- : 4o in places very limitedly. 

[0080] Moreover, in the catalysts, which used the mixtures whose particles had mean particle, diameters of 7.7 |im< 
and 8.8 uin, no cracks and coming-off were observed in the coating layers, as shown in Figs. 3 arid 4, after the catalysts , 
were vibrated and were blown by the air. The catalysts were good in terms qHhe strength of the coating layers. > 
[0081] These 4 mixtures and the other 4 mixtures were examined for the particle diameter distribution by using a. 
.45 laser diffraction/scattering type particle diameter distribution measuring apparatus, and for the extent of cracks and 
coming-off. Results are set forth in Table 3 below. According to the results, it is understood that the cracks and coming- 
off were less likely to occur when the particles having a particle diameter of 5 ujti or more were contained in the mixture 
in an amount of 30% by volume or more. It is further preferable to contain the particles having a particle diameter of 5 
um or more in an amount of 40% by volume or more, furthermore preferably in an amount of 50% by volume or more. 
so However, it is not the case that the larger the particle diameter was, the better performance the mixtures exhibited. For 
instance, when the particles having a particle diameter of 5 jam or more were contained in an amount of 85% or more, 
there arose a problem in that the coming-off were more likely to occur adversely. 

[0082] Having now fully described the present invention, it will be apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without departing from the spirit or scope of the present invention as 
55 set forth herein including the appended claims. 
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Claims 

1. A catalyst for purifying exhaust gas, comprising 



50 



a support including a mixture containing a porous oxide and a cpmposile^cocide; and 
a noble metal l oaded on the support; 

the composite oxide being expressed by the general formula (1 ): 



55 



(Al 2 0 3 ) a (CeQ 2 ) b (ZK) 2 ) 14) (Y 2 0 3 ) c 



(D 



wherein the values of "a", n b° and m c m are molar ratios falling within a range of 
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0.4 £ a £2.5; 

0.2 < b £ 0.7; and 

0.01 £ c £ 0.2, respectively; 

and 

the support including particles having a particle diameter of 5 u.m or more in an amount of 30 % by volume or 
more. 

The catalyst according to claim 1, wherein said support includes particles having a particle diameter of 5 u^n or 
more in an amount of 40 % by volume or more, preferably in an amount of 50 % by volume or more. 

A catalyst for purifying exhaust gas, comprising 

- . a support including a mixture containing a porous oxide and a composite oxide; 
and 

a noble metal loaded on the support; 

the composite oxide being expressed by the general formula (2): 

(Al 2 0 3 ) a (Ce0 2 ) b (Zr0 2 ) 1-b (La 2 0 3 ) d (2) 

wherein the values of "a", "b" and "d" are molar ratios falling within a range of 

0.4 < a £ 2.5; 

0.2 £ b £ 0,7; and 

0,005 £d£ 0.1 , respectively; 

and 

the support including particles having a particle diameter of 5 \im or more in an amount of 30 % by volume or 
more. 

The catalyst according to claim 3, wherein said support includes particles having a particle diameter of 5 ujt* or 
more in an amount of 40 % by volume or more, preferably in an amount of 50 % by volume or more. 

A catalyst for purifying exhaust gas, comprising 

- a support including a mixture containing a porous oxide and a composite oxide; 
and 

. - a noble metal loaded on the support; 
. - the composite oxide being expressed by the general formula (3): - 

■ : ; - • ;(AI 2 0 3 ) a (Ce0 2 ) b (Zr0 2 ) vb (Y 2 0 3 ) c (La 2 0 3 ) d , - . (3) 

; ; wherein the valu^ 

: - " 0.4£a£2.5; -, 
0.2£b£0.7; 
0.01 £c £0.2; and 
0.005 £ d £ 0.1 , respectively; 
and 

- the support including particles having a particle diameter of 5 ujti or more in an amount of 30 % by volume 
or more. 

The catalyst according to claim 5, wherein said support includes particles having a particle diameter of 5 ujti or 
more in an amount of 40 % by volume or more, preferably in an amount of 50 % by volume or more. 
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7. The catalyst according to claims 1 to 6, wherein at least one additive element selected from the group consisting 
of alkali metals, alkaline earth metals, rare earth elements and transition elements is contained in the composite 
oxide in an amount of 0.05 or less by molar ratio. 

8. The catalyst according to claims 1 to 7, wherein the Ce0 2 and the 2r0 2 contained in the composite oxide form a 
solid solution, and the solubility of the 2r0 2 is 50 % or more in the composite oxide, preferably 70 % or more in 
the composite oxide, more preferably 80 % or more in the composite oxide. 

9. The catalyst according to claims 1 to 8, wherein the mean crystal grain diameter of the ceria-zirconia solid solution 
contained in the composite oxide is 10 nm or less by an X-ray diffraction measurement before and after heating 
said support at 1 ,000 °C for 5 h or more. 

10. The catalyst according to claims 1 to 9, wherein the weight ratio of the porous oxide and the composite oxide in 
said support satisfies the condition 0.25 < [the composite oxide / (the porous oxide + the composite oxide)] < 0.7, 
preferably satisfies the condition 0.4 < [the composite oxide / (the porous oxide + the composite oxide)] £ 0.6. 

11. The catalyst according to claims 1 to 10, wherein Pd is loaded on the composite oxide, and at least one of Pt and 
Rh is loaded on said support. 
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FIG. 1 
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FIG. 3 
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